ABSTRACT Background: The portrayal of diet over time is a natural progression from the characterization of diet at single time points. The transition dietary period, a dynamic period of rapid dietary change spanning infancy and toddlerhood when children shift from a milkbased to a food-based diet, has not been characterized. Objective: The objective was to summarize variation in dietary intakes spanning infancy and toddlerhood. Design: A prospective principal components analysis was applied to dietary intakes from 3 successive follow-ups of children enrolled in the ALSPAC (Avon Longitudinal Study of Parents and Children). The frequency of food and beverage consumption was assessed via questionnaire at ages 6, 15, and 24 mo (n = 2169). Results: Two types of transition diet were identified. The first transition diet was characterized by the consumption of home-prepared and raw foods ("healthy") at all time points and the second by ready-prepared and discretionary foods ("less healthy") consistently over time. Higher educational level and maternal age were associated with higher scores on the "healthy" diet, whereas younger maternal age and a lower educational level were associated with higher scores on the "less healthy" diet. Maternal BMI, number of older siblings, and lower social class were associated with the lesshealthy transition diet but not with the healthy transition diet. Conclusions: Unique transition diets, including a less-healthy type, emerge by age 2 y. These diets are consistent with childhood and adult dietary patterns reported at single time points and show convergent validity both with known maternal sociodemographic predictors of childhood diet and with intake gradients across diet scores.
INTRODUCTION
The life-course perspective suggests that exposures in early life may have implications for health and well-being in later life (1) . Infants and toddlers rely on others for their nutrition, and diet in early life may influence future cognitive development (2) (3) (4) (5) and health (2, 3) . Diet in the first 2 y of life is characterized by the transition from a milk-based diet to consumption of foods and beverages that reflect the immediate family's diet. This period represents the most rapid change in diet over the life course and is when lifelong food preferences and habits first emerge (4) . The weaning and toddler stages are identified as periods of nutritional vulnerability, but there is limited understanding of the natural history of early diet, including when and how lifelong dietary patterns are first established.
Over the past decade, dietary pattern analysis has become widespread as a means of characterizing overall diet (5) , which better reflects what people eat and captures some of the complexity of dietary intake that is not readily obtainable from studies of nutrients or foods. Furthermore, observational studies that used overall measures of food consumption showed stronger associations with coronary artery disease than did individual nutrients or foods (6) . Of the multivariate statistical techniques that have been used to summarize dietary data, principal components analysis (PCA) 4 is the most common (7) . However, the relation between diet and health is likely to reflect the accumulation of dietary exposures over time. Therefore, it is desirable to model diet longitudinally. Previous studies have explored the stability of dietary patterns over time in older children and adults (8, 9) or temporal changes in patterns of intake of adult foods (10) (11) (12) , but this remains an emerging area of nutritional epidemiology. PCA has been used to explore early-life dietary patterns at 1 (13) or 2 (14) time points cross-sectionally, but the dynamic period of dietary transition between 6 and 24 mo has not been well characterized. Consequently, by using unique data sets of age-dependent intake variables from 3 time points spanning 18 mo, we aimed to characterize these early-life transition diets in the populationbased UK birth cohort study, the Avon Longitudinal Study of Parents and Children (ALSPAC), which broadly aims to study the determinants of development and health (15, 16) .
The objectives of this study are to apply a single PCA to dietary intake data collected at 6, 15, and 24 mo of age to identify meaningful transition diets spanning infancy and toddlerhood and to provide convergent validity for the described transition diets by relating intakes of original foods and beverages to transition diet scores (face validity) and by exploring the associations between the transition diets and known maternal sociodemographic determinants of childhood diet.
SUBJECTS AND METHODS
Pregnant women residing in the former county of Avon, an area in the southwest region of England, and who expected to deliver between April 1991 and December 1992 were invited to participate in the ALSPAC. The core ALSPAC sample consists of 14,541 pregnancies with 14,472 known outcomes. There were 14,676 fetuses, 14,062 of which were live births; there were 13,978 infants alive at 1 y, excluding 13 triplets and quadruplets. The study sample was broadly representative of the local Avon population (16) , although single parents, unmarried couples, and ethnic minorities were underrepresented when compared with the 1991 National Census of women residing in Avon. Ethics approval for the study was obtained from the ALSPAC Law and Ethics Committee and local Research Ethics Committees.
Maternal sociodemographic and lifestyle factors and infant characteristics
Information on maternal age, education, social class, prepregnancy weight and height, and smoking history was collected by postal questionnaires sent between 8 and 32 wk gestation. Maternal education was reported as the highest completed level of the following 5 categories: certificate of secondary education (CSE), vocational training, O level (ordinary level of CSE; examinations for the top 25% academically of CSE taken at the age of 16 y); A level (advanced level of CSE; subsequent examinations after 2 additional years of study beyond O level); and degree or higher. Standard classifications of occupation were used to categorize maternal social class (17) . Maternal BMI (in kg/m 2 ) was calculated from maternal self-report of prepregnancy weight and height. Infant characteristics [sex and weight (in g)] were recorded at birth.
Dietary data
The frequency of food and beverage intake was assessed via caregiver-completed questionnaires that were posted to the primary caregiver when the study child was 6, 15, and 24 mo of age. Postal reminders and phone prompts were used to maintain the response rate for questionnaires not returned within 4 wk. The food items in the questionnaires were selected by a qualified research dietitian and nutritionist to reflect those foods that were commonly fed to infants and toddlers at the time. The 6-mo questionnaire covered the period from birth to 6 mo, the 15-mo questionnaire covered the period from 6 to 15 mo, and the 24-mo questionnaire covered the period from 15 to 24 mo (18) . Examples of questions from the feeding sections of the questionnaires are provided in Supplemental Table 1 available under "Supplemental data" in the online issue. In this analysis, the current frequency of intake of foods, termed "nowadays," at each time point was used (18) . Intakes of 167 dietary items from the 3 time points were analyzed, including breastfeeding and food source (raw or home-or ready-prepared commercial infant foods from jars, cans, or packets). Portion-size information was not available, and the questionnaires have not been compared against other forms of dietary assessment.
PCA analysis
We applied PCA to our dietary data because it is a nonparametric multivariate data-reduction technique that uses correlations between variables, such as dietary intakes, to produce summary variables called "dietary patterns" and is not based on assumptions of independence of either input or output variables (19) . Because our purpose was to reduce the dimension of the data by generating summary variables and to capture variability in the data, we used PCA rather than principal factor analysis, which distills only essential covariation in data for use in an a priori causal model. Furthermore, the availability of a broad range of correlated dietary intake variables that differed substantially across time points, thereby precluding analysis of timedependent change, and the relatively short time frame (months) over which the information was collected were further indications for this application of PCA. This setting is also very different from conventional time-dependent trajectory modeling, such as that used to develop growth or BMI trajectories, in which the same variables are modeled over multiple time points.
Transition diets spanning the 18-mo period from 6 to 24 mo of age were characterized in the subset of ALSPAC children who had complete information on all dietary intake questions at 6, 15, and 24 mo. Age-specific frequency of intakes of 167 food and beverage items was entered into a single PCA. Frequencies reported as "not at all or never" were recoded as zero frequency, whereas frequencies reported as "always" were recoded as the median frequency for that item. The number of components extracted was based on several criteria as follows: our research objective (to extract transition diets rather than age-specific dietary patterns), use of the first break in the scree plot (the most common approach for identifying major dietary patterns), and interpretability of the PCA solution. We applied an oblimin rotation in our final PCA solution because this allowed for correlations between diet scores, which is a realistic approach to examine the structures underlying intakes of foods and beverages (19, 20) . For every participant and for each transition diet a score was generated representing the sum of the products of the loading for each original dietary item by the frequency of intake [PASW (Predictive Analytics Software)/SPSS-standardized] of that dietary item (7, 21) . The generated diet scores were standardized to a distribution with a mean of zero and an SD of one. Although all loadings have been reported, the naming of transition diets was based on dietary items with loadings 0.3 to aid in their interpretability and discussion.
Statistical analysis
Maternal sociodemographic and lifestyle factors and infant characteristics of respondents who provided complete 6-, 15-, and 24-mo food and beverage intake data were compared with those of nonrespondents by using independent t tests for continuous variables and chi-square tests for categorical variables. The face validity of components was assessed by examination of mean intake of dietary items across quartiles of transition diet scores. For convergent validity only, the association between diet scores and selected maternal sociodemographic and lifestyle factors was assessed by using multivariable linear regression of maternal sociodemographic and lifestyle factors as predictors of diet scores. Regression coefficients (b) and 95% CIs and P values were used to evaluate these associations. Statistical analyses were conducted by using PASW/SPSS (version 17.0; SPSS Inc).
RESULTS
Details of participation in the present study are shown in Figure 1 . Differences in baseline characteristics between children for whom complete dietary data at 6, 15, and 24 mo of age were or were not available are shown in Table 1 . Mothers who provided complete dietary information in all 3 questionnaires were more likely to be older, more educated, nonsmokers, and from a higher social class than those who did not.
Transition diets
Two types of transition diet summarized the variation in foods consumed across infancy and toddlerhood, and the loadings for dietary items on both diets are shown in Table 2 . The first diet was characterized by home-prepared and raw foods and the second diet by ready-prepared and discretionary foods across all time points. Items with strong positive loadings (0.3) on the transition diet labeled "healthy" included breastfeeding (14 times/wk on average in the highest quartile of diet score compared with 4 times/wk on average in the lowest quartile) and consumption of home-prepared foods (meat; vegetables, including potatoes; fish; and fruit puddings) and raw fruit and vegetables at age 6 mo and cooked vegetables (excluding potatoes), legumes, FIGURE 1. Participation at baseline, birth, and 1 y of age: data collection and analysis. Diet analyses were conducted for participants with complete intake data for all dietary intake variables at children's ages of 6, 15, and 24 mo (n = 2169). Sociodemographic associations with transition diets were assessed for participants with complete dietary and sociodemographic data (n = 1425). Data were accessed 4 July 2011 from http://www.bristol.ac.uk/alspac. added herbs, apple juice, bread/toast, cheese, ready-prepared fish, fruit pudding, nuts, and raw fruit and vegetables at both 15 and 24 mo. Strong negative loadings on the healthy diet were seen only with frequency of formula feeding and consumption of readyprepared meat (infant food) at 6 mo.
Items with strong positive loadings on the transition diet labeled "less healthy" included consumption of formula, black currant or rosehip juice, biscuits, and chocolate at age 6 mo; biscuits, canned soup, and added salt at 15 mo; fruit drinks, carbonated drinks, tea, baked beans, snack foods (savory snacks, sweets, potato chips, cola, chocolate), and added gravy or sugar at both 15 and 24 mo; and potato and coffee consumption and added tomato ketchup at 24 mo. Strong negative associations with the less-healthy transition diet were breastfeeding at 6 mo and legume intake at 15 mo.
To better interpret the loadings and to provide face validity for the transition diets, mean frequency of intake of the foods with relatively high loadings (0.3) by quartiles of diet score is also shown in Table 2 . The higher the loading for a dietary item on a component, the greater the gradient of intake (variation) across quartiles of that component score. Dietary items with intake frequencies that showed little variation within the population did not load highly on either diet, regardless of consumption frequency, as seen, for example, by the lack of a gradient of intake across quartiles of diet scores for both (frequently consumed) cow and (infrequently consumed) goat milk. Eighty-seven of the 167 assessed foods were similarly not major contributors to either transition diet (ie, had loadings ,0.3; see Supplemental Table 2 under "Supplemental data" in the online issue).
Transition diets and sociodemographic characteristics
The associations between maternal sociodemographic factors and transition diet scores are presented in Table 3 . After adjustment for all listed factors, including the alternate transition diet score, older maternal age and higher educational level were associated with a higher score on the healthy transition diet, whereas younger maternal age and a lower educational level were associated with a higher score on the less-healthy transition diet. Maternal BMI, number of older siblings, and lower social class were positively associated with the less-healthy transition diet but were not associated with the healthy transition diet. There were no associations evident between transition diet scores and maternal smoking status.
DISCUSSION
Dietary patterns at single time points before age 2 y are shortlived because an infant's diet alters rapidly over the first 6 to 24 mo, and dietary patterns that span the entire period of dynamic 2 Statistical tests compared characteristics of children with and without complete dietary data. Continuous variables (mean 6 SD) were compared by using an independent t test. Categorical variables [n (%)] were compared by using a chisquare test.
3 Mean 6 SD (all such values). 4 Maternal social class was classified by using standard classifications of occupation (17) . dietary change may provide novel and more useful insights into the natural history of diet than do transient dietary patterns, which are present briefly within this period. Consequently, we summarized the variation in dietary intakes over this period by using a novel application of PCA, which showed that meaningful patterns of dietary intake had emerged by age 2 y. To our knowledge, this is the first study to characterize transition diets, ie, those that develop between 6 and 24 mo of age. Higher scores for the healthy transition diet were associated with more frequent consumption of raw and home-prepared foods over the 18-mo period from 6 to 24 mo of age and were also positively associated with breastfeeding at age 6 mo. Higher scores for the less-healthy transition diet were associated with more frequent consumption of ready-prepared commercial infant foods from packets, jars, and cans from 6 to 24 mo of age and with a greater likelihood of formula feeding at age 6 mo. In support of our findings, a few studies compared PCA-derived dietary patterns from consecutive time points in older children consuming adult foods and reported that both healthy and less-healthy dietary patterns track over time (8, 22, 23) . Similarly, in many adult populations the presence and stability of both healthy "prudent" and less-healthy "Western" dietary patterns have been reported (9) (10) (11) (12) .
Whereas nutritional epidemiology recognizes the importance of overall diet, to date attempts to characterize diet have been limited mainly to cross-sectional snapshots of dietary patterns. Although our PCA application to longitudinal data is novel in nutritional epidemiology, it has long been widely applied to sparse longitudinal data in many other areas (24, 25) , including public health epidemiology (25, 26) , genome-wide and metabolomics studies (27) , and studies of childhood growth trajectories (28) . The lack of comparable longitudinal dietary pattern data is precisely why exploratory PCA is well suited to the identification of dietary patterns across a short period of dynamic dietary change and is a better method than confirmatory PCA, which requires some a priori knowledge.
The current literature suggests that modeling of diet longitudinally is in its infancy. Several research groups have attempted novel approaches to assess intakes over time but only in older children (29) . Intuitively, we know that current diet is related to past diet and will likely influence future diet. Therefore, correlation-based multivariable data reduction methods such as PCA have long been used to characterize overall diet. The major advantage of PCA over many multivariable methods used in nutritional epidemiology is that PCA requires many strong correlations within a data set (7) and, as such, is particularly well suited to the assessment of patterns of consumption of foods and beverages, which are by nature highly correlated at many levels [nutrients, foods/food groups, recipes, meals, cuisines, within time frames (age-appropriate diets)]. Furthermore, in our study group of 6-to 24-mo-olds, dietary patterns not only were transient but were based on unique sets of food variables, thereby precluding time-dependent analyses that require the same variables in data sets at each time point.
The extraction of the transition diets was based on widely accepted protocols and the interpretability of the output. The 2 Social class was based on maternal occupation by using standard classifications of occupation (17) .
identified transition diets are readily interpreted and have convergent validity. We have provided a method for internal evaluation of these diets that supports our interpretation, ie, they have face validity from the association between gradients in consumption across quartiles of diet scores. For example, the large positive gradient in consumption of home-prepared foods across increasing scores of the healthy transition diet shows why these foods have strong positive loadings on this diet. Similarly, the large positive gradient in consumption of ready-prepared foods across scores of the less-healthy diet shows why these foods have strong positive loadings on that diet. The reason why both widely consumed and rarely consumed foods within the population may not load on either diet is clear from the low gradient in intakes of those dietary items across diet scores. Previous studies in ALSPAC and other studies relating childhood diet to maternal factors have shown "healthy" and "unhealthy" dietary patterns at single time points that relate to maternal sociodemographic factors in a way similar to our findings, thereby providing a degree of convergent validity (30) (31) (32) (33) (34) (35) . Some of these similarities include the following associations: maternal age and educational level were positively associated with a healthy childhood diet, whereas higher maternal BMI, lower maternal social class, and greater number of older siblings were associated with less-healthy diets. The lack of an association between maternal smoking and diet in our study may relate to the selection bias toward a subset of older, more educated mothers of higher social status, as shown in Table 1 .
There were a number of limitations in our study. These limitations included an inherent limitation of PCA: its ability to identify only linear relations, and the limitations of dietary assessment (dietary questionnaires have not been validated, lack of portion-size data), and the potential for bias due to waning numbers over successive follow-ups and the use of complete case analysis. Furthermore, consumption frequency is but one of many dietary behaviors, such as timing of introduction and texture of foods and feeding difficulties, that contribute to the characterization of diet in this period. Similarly, a limited range of maternal factors have been assessed as determinants of the described transition diets. However, our objective in these analyses was not to evaluate these factors in detail but to show convergent validity of our characterization of transition diets by demonstrating consistency between these diets and other studies assessing sociodemographic determinants of childhood diet. The described diets may also represent a "best case" scenario because, compared with children of caregivers who provided incomplete information, the children in the present study with complete dietary data over 3 time points had mothers who tended to be older, more educated, nonsmokers, and from a higher social class, and such demographic and lifestyle factors are known to be associated with healthier food choices (36) and healthier childhood diets (30, 31, 37) . Despite these limitations, few other studies have provided detailed, longitudinal dietary information on .2000 infants.
The transition diets we have described show the progression of diet in infants and toddlers over the period that follows exclusive milk feeding, includes the introduction of solid foods, and culminates around age 24 mo, by which time most toddlers are consuming mainly adult foods. These findings provide a link between the earlier (breastfeeding) and later (school-age) childhood nutrition literature. We have shown that even during a period of rapid dietary change and as a first step in the journey of modeling diet over the life course, meaningful transition diets are identifiable by 2 y of age.
In conclusion, transition diets that characterize diet over infancy and toddlerhood are identifiable, are consistent with dietary patterns from single time points, and have convergent validity. A "healthy" and a "less healthy" pattern of transition from a milkbased to a food-based diet were identified. These transition diets relate to maternal factors in a manner that is consistent with earlier (breastfeeding) and later (school-age) nutrition literature. Characterization of transition diets over infancy and toddlerhood may facilitate exploration of how the accumulation of dietary exposures in early life is associated with later outcomes. Finally, these data contribute to the framework needed to develop and understand different ways of modeling diet longitudinally, which may be more relevant to childhood development and health than cross-sectional snapshots of diet.
